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In the culture of epidermal keratinocytes, the cellular 
growth rate is reported to be accelerated by cholera 
toxin. The mechanism by which cholera toxin exerts 
biological effects is thought to result from changes in 
intracellular cyclic AMP concentrations. But in many 
reports cyclic AMP elevating agents appeared to inhibit 
growth of keratinocytes in culture. This study was done 
to clarify the discrepancy of this problem. Determination 
of cyclic AMP revealed that cholera toxin over a range 
of 10- 14_10- 8 M increased the intracellular concentration 
of cyclic AMP of cultured keratinocytes about 100-fold 
over the controls after incubation for 6 hr. 
When a small number (105) of cells were inoculated in 
a 60 x 15 mm culture dish, cholera toxin strongly stim-
ulated colony growth. When a relatively larger number 
(8 x 105) of cells were inoculated in a dish, cholera toxin 
moderately accelerated cell division, and increased DNA 
and protein levels of the culture during early days of 
cultivation. But after about 20 days of cultivation when 
the culture reached confluence, cholera toxin decreased 
both DNA and protein content in a culture dish. 
The cultures were pulse labeled with 3H-thymidine at 
12 and 24 hr after the addition of 10-10 M cholera toxin, 
and its uptake into DNA was determined. In the early 
days of cultivation the uptake of 3H-thymidine increased 
after treatment with cholera toxin. But in the late days 
of cultivation, '.!holera toxin decreased the rate of 3H_ 
thymidine incorporation into DNA. These results indi-
cated that cholera toxin-cyclic AMP has effects on the 
proliferation of keratinocytes in culture biphasically ac-
cording to cellular concentrations in culture. 
Cyclic nucleotides have been implicated as regulators of a 
variety of biological events [I). Since the proposal of Voorhees 
and Duell [2], the role of cyclic AMP in pathogenesis of psoriasis 
has attracted the attention of many investigators. Psoriasis is 
characterized by the abnormally rapid proliferation of the ger-
minative cells in the epidermis [3], and there were numerous 
reports about the effect of cyclic AMP on the proliferation of 
epidermal keratinocytes. 
In the in vitro mouse ear assay system of Bullough, Voorhees, 
Duell, and Kelsey have shown that dibutyryl cyclic AMP 
produced a dose dependent epidermal mitotic inhibition [4]. 
Then the primary cultures of the epidermal keratinocyte were 
utilized as a model system for investigating the action of cyclic 
AMP in the epidermis. Delescluse et al reported that cyclic 
AMP-elevating drugs such as dibutyryl cyclic AMP, isoproter-
enol, prostaglandin E 2, papaverine and theophylline decreased 
the rate of DNA synthesis in cell cultures of guinea pig epider-
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mal keratinocytes [5). On the other hand it has been shown 
that noncyclic adenine nucleotides strongly inhibited mitosis of 
the keratinocytes in the outgrowth from human skin explants, 
and a doubt was cast on the specificity of cyclic AMP action 
[6]. Thereafter Green found that cholera toxin stimulated col-
ony growth of human keratinocytes of strain N, derived from 
foreskin of a newborn [7). He showed that the other agents 
known to elevate the cyclic AMP content of cells such as 
dibutyryl cyclic AMP, isoproterenol, and methyl isobutyl xan-
thine also stimulated colony growth. The effect of dibutyryl 
cyclic AMP was of the smallest magnitude. These results were 
supported by the study using the mouse keratinocytes [8). We 
suppose that the controversial results of the effect of cyclic 
AMP on the proliferation of keratinocytes in culture would 
reflect the difference of the experimental system. 
Cholera toxin is a protein of 84,000 daltons composed of 2 
subunits, A and B. The toxin exhibits its biological effects 
mediated by cyclic AMP, and no other effects are yet known. 
The initial event in the activation of adenylate cyclase is the 
binding of the B subuni t to the cell swface and the activation 
of adenylate cyclase is a function of the A subunit [9). Since 
cholera toxin was shown to be a potent activator of adenylate 
cyclase in the keratinocyte [8], to have an effect uniformly over 
a wide range of concentration [7] and to have vf!ry low nonspe-
cific cytotoxicity on cultured cells, we chose cholera toxin as an 
agent to increase the intracellular level of cyclic AMP, and 
investigated the effect of cyclic AMP on the proliferation in the 
primary culture ofthe human epidermal keratinocytes following 
the course of cultivation. Our results indicated that cyclic AMP 
had biphasic effects on the proliferation of the keratinocytes, 
and emphasized the role of cyclic AMP as a regulator of cellular 
events. 
MATERIALS AND METHODS 
Epidermal Cell Cultures 
Human epidermal keratinocytes were isolated from skin of normal 
subjects as reported previously [10). The whole skin was separated into 
dermis and epidermis after treatment with 0.25% trypsin in Ca++- and 
Mg++ free phosphate buffered saline for 12 to 24 hr in a refrigerator. 
The epidermal cell suspension was obtained by mechanically agitating 
the epidermal sheet with a fine forceps. The number of basal cells was 
determined by the criteria of Vaughan and Bernstein [ll). Primary 
cultures were initiated by inoculating 8 X 10· viable basal cells into a 60 
X 15 mm Falcon plastic tissue culture dish containing 4 ml Eagle's 
minimum essential medium supplemented with 20% fetal bovine serum. 
The cultures were grown in a humidified 37°C incubator in an atmos-
phere containing 5% CO2• Cholera toxin was added to the cultUl'ed cells 
at the fmal concentrations indicated in Table I-III beginning at the 
first medium change, when the epidermal cells were already plated on 
the surface of the culture dish. Fresh medium containing cholera toxin 
was changed at 3-day intervals. Cholera toxin was obtained from 
Chemo-Sero-Therapeutic Research Institute of Japan. 
Cyclic AMP Measurement 
After treatment with cholera toxin, cells in 60 X 15 mm dishes were 
washed with Dulbecco's PBS, followed by the addition of ice cold 1 ml 
6% trichloracetic acid quickly, scraped off with a rubber policeman and 
then homogenized. Supernatant fractions were extracted with ether 
and acetylated before radioimmunoassay (12). Radioimmunoassay for 
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cyclic AMP was performed according to the method of Steiner, Parker, 
and Kipnis [13] with some modification [14]. The sensitivity of the 
cyclic AMP assay was 0.01 pmole. Precipitant protein in trichloracetic 
acid was determined by the method of Lowry et al [15] using bovine 
serum albumin as standard. 
Assays for DNA and Protein Contents of the Cultures 
The effect of cholera toxin on DNA and protein contents of the 
cultures was examined over days of growth. 8 x 10· epidermal cells 
were plated into a dish, and cholera toxin was added beginning at the 
first medium change at 48 hr after the initiation of the cultul·e. To 
measure the total DNA and protein content of the cultUl"es, the medium 
was discarded and the cultures were washed 3 times with Ringer 
solution. The cells were scraped off the dish, suspended into 3 ml of 0.5 
N perchloracetic acid (PCA), and hydrolyzed at 70°C for 1 ill·. After 
centrifugation, the supernate was taken (sample 1). The pellet was 
resuspended into 3 rnl of 0.5 N PCA, and hydrolyzed again at 70°C for 
30 min. After centrifugation the supernate was taken (sample 2). 
Sample 1 and 2 were assayed for DNA by the diphenylanline method 
of Burton [16]. Total DNA content of each cultUl"e dish was expressed 
as a sum of DNA in sample 1 and 2. After the second extraction in 0.5 
N PCA, the pellet was dissolved in IN NaOH, and assayed for total 
protein by the method of Lowry et al [15]. 
Assay of Rate of DNA Synthesis 
To examine the effect of cholera toxin on DNA synthetic rate after 
a relatively short period of treatment, the cultUl"ed cells were pulse-
labeled with :JH-thymidine and its uptake into DNA was determined. 
Cultures at 7, 20, and 31 day were treated with cholera toxin at a final 
concentration of 10- 10 M for 12 and 24 ill·, and were incubated in 1 p-Ci/ 
ml of "H-thymidine (thymidine-methyl-"H, specific activity 6.7 Ci/mM) 
for 2 ill·. Following the labeling, the medium was discarded and the 
cultures were washed 3 times with cold Ringer solution. Then the 
medium supplemented with 0.02 mM cold thymidine was added, and 
the cultUl"es were incubated for 10 min. After washing with 3 changes 
of Ringer solution, these cultured cells were hm·vested by scraping, 
suspended into 3 ml of cold 0.5 N perchloracetic acid and hydrolyzed at 
70°C for 1 hr, and centrifuged at 3000 rpm for 10 min. Aliquots of the 
supernates were subjected to liquid scintillation counting and a diphen-
ylamine deoxyribose determination. Results were expressed as dpm of 
"H-thymidine per ~!g of DNA. All studies were performed with triplicate 
samples. 
RESULTS 
Effect of Cholera Toxin on Colony Growth 
105 small round epidermal cells were inoculated into 60 X 15 
mm tissue culture dishes. Cholera toxin was added to the 
cultures at a concentration of 10- 10 M beginning at the first 
medium change. The medium was changed at 3-day intervals, 
and cholera toxin was added at each time. CultUl"es were fixed 
and stained with Giemsa solution 13 days after inoculation (Fig 
1) . Colonies are larger and more numerous in the presence of 
10- 10 M cholera toxin. So, when a small number of cells are 
inoculated into a dish, cholera toxin at 10- 10 M concentration 
strongly stimulates the growth of the colonies of epidermal 
keratinocytes. 
Morphological Changes in Cholera Toxin-treated Cultures 
Within 24 hr after the onset of cultivation, isolated keratin-
ocytes attached to the bottom of a cultUl"e dish singly or in 
small aggregates. Phase contrast microscopic observation dem-
onstrated that the attached keratinocytes became distended, 
migrated around and connected with one another, and then 
formed a circular sheet composed of tightly packed cells. About 
5 to 7 days of cultivation most keratinocytes became large with 
flatly distended cytoplasm and a relatively small nucleus in the 
center (Fig 2A). This condition lasted for several days without 
any apparent proliferation and movement of the cells. Then 
small polygonal cells appeared in groups in the sheet of flatly 
distended cells. These small polygonal cells rapidly increased 
in number, covered the entire sUl"face, and then stratified. When 
the cultures were treated with 10- 10 M cholera toxin, these 
proliferating polygonal cells occurred earlier than nontreated 
C CTX 
FIG 1. Effect of cholera toxin on colony growth. The cultW"es were 
initiated by inoculating 105 small round epidermal cells into a 60 x 15 
mm culture dish, and cholera toxin was added to the medium at a 
concentration of 10- 10 M beginning from 2 days of cultivation. When 
the culture was treated with cholera toxin, growth of the colonies was 
strongly stimulated. C: control, CTX: cholera toxin-treated culture. 
cultures. As revealed in Fig 2B which is the same day culture 
as Fig 2A, the cellular sheet is composed of relatively small 
polygonal cells, and these cells are considered to belong to 
proliferating population [21]. Also, activated melanocytes can 
be seen in this figUl"e [20]. So in the early days of cultivation, 
the appearance ·of proliferating small polygonal cells occurs 
earlier in the presence of cholera toxin. 
Changes in Cyclic AMP Levels 
Table I shows the changes in cyclic AMP content of cultUl"ed 
keratinocytes effected by cholera toxin after 6-hr treatment. 
These cultUl"es were initiated by inoculating 8 X 105 small round 
epidermal cells into 60 X 15 rom plastic tissue culture dishes. 
13-day growing cultures were treated with cholera toxin at 
various concentrations as indicated for 6 hr. This study was 
done one dish for each point. Treatment with cholera toxin 
over a range of 10- 14 to 10- 8 M concentration resulted in about 
100-fold increase in the intracellular level of cyclic AMP of 
cultUl"ed keratinocytes over the untreated control after incu-
bation for 6 ill·. Time course studies demonstrated a lag period 
of about 1 hr before elevation of cyclic AMP in cultured 
keratinocytes exposed to 10- 10 M cholera toxin. Cyclic AMP 
levels then rapidly rose, reached the maximum value of 300 or 
400 pmol/mg protein at 6 to 8 ill·, and remained elevated at 
least until 24 hr (Fig 3). Then the cyclic AMP content decreased 
slowly, but was 200 pmol/ mg protein at 48 ill·, the longest period 
assayed. The response of cultUl"ed keratinocytes to cholera 
toxin at various culture days was also examined (Table II). 6-
day culture in which cells were sparse or did not reach con-
fluency yet, 13-day growing culture, 20-day and 32-day con-
fluent cultUl"es were treated with 10- 10 M cholera toxin for 24 
ill·. And the changes in the intracellular cyclic AMP levels were 
measUl"ed. No different response of cultured keratinocytes to 
cholera toxin was found between young and old cultUl"es (Table 
II). 
Cell Number 
In order to assess the effect of cholera toxin on the rate of 
cell multiplication, 3 experiments were carried out (Fig 4A-C). 
In the cultUl"e, which is shown in the Fig 4A, 2 X 105 small 
round epidermal cells were plated into a dish, and the other 2 
cultures, which are shown in Fig 4B and 4C, were struted by 
plating 8 X 105 cells. The arrow indicates the strut of addition 
of 10- 10 M cholera toxin to each culture dish. Cells were har-
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FIG 2. Control (A) and cholera toxin-treated (B) keratinocytes. 7-
day culture. The culture was initiated by inoculating 8 X 10" basal cells. 
In the control culture keratinocytes were mostly flatly distended. In 
the presence of 10- 10 M cholera toxin a relatively smail polygonal cells 
can be seen. These cells are considered to belong to proliferating 
population. Activated melanocytes (arrow) can be observed (x 165). 
TABLE 1. Effects of cholera toxin on cyclic AMP content of cultured 
heratinocytes after 6-hr treatm.ent 
Protein cAMP cAMP (mg/ dish) (pM/mg protein) (pM/ dish) 
Control 2.95 4.29 12.9 
CTX 10- 1• M 2.90 335 940 
CTX 10- 12 M 2.92 579 1,600 
CTX 10- 10 M 2.62 779 2,040 
CTX 10-8 M 2.66 995 2,446 
vested by trypsinization at the times indicated and cell numbers 
were estimated by counting in a hemocytometer. The number 
of cells of each culture dish was counted until 25 days of 
cultivation. Before 25 days, not shed cells were observed under 
phase contrast microscope. We have also calculated the number 
of cells floating in the medium, but the number was negligible. 
Each point represents the mean of 3 dishes, and their standard 
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errors. The results revealed that when a small number of cells 
were inoculated into a dish (Fig. 4A), the cellular growth rate 
was accelerated by cholera toxin. When the cultures were 
started by plating relatively large number of cells (Fig 4B), 
cholera toxin accelerated cell multiplication in the early growth 
period. But the rate of cell multiplication in the control culture 
exceeded that in the cholera toxin-treated culture soon, and the 
cells in the control culture outnumbered those in the cholera 
toxin-treated culture at about 12 days (Fig 4B). And in the 
third experiment, which is shown in Fig 4C, the addition of 
cholera toxin started 14 days after the time of inoculation, when 
the culture already reached confluence. In this culture the 
presence of cholera toxin decreased cellular growth rate as 
compared with the controls. This result indicates that cholera 
toxin exerts its biological effects on cultured keratinocytes 
biphasically according to the cellular concentrations in culture. 

























FIG 3. Time course of cyclic AMP levels of cultured keratinocytes 
after the addition of 10- 10 M cholera toxin (a single culture for ~ach 
point). 
TABLE II. Effects of cholera toxin on cyclic AMP content of cultured 
keratinocytes after 24-hr treatm.ent at various culture days 
Protein (mg/ cAMP (pM/mg cAMP (pM/ 
dish) protein) dish) 
6-day culture Conirol 1.26 5.31 6.56 
CTX 22 hr 1.08 364 393 
13-day culture Control 2.01 3.84 7.79 
CTX 24 hr 2.02 555 1,301 
20-day culture Control 5.26 2-89 15.20 
CTX 24 hr 6.19 257 1,530 
32-day culture Control 10.52 L61 20.0 
CTX 24 hr 10.36 134 1,317 
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FIG 4. Effect of cholera toxin on proliferation of cells. The arrow 
indicates the start of addition of cholera toxin to each cultw'e dish. 
not reach th' confluence, 10- 10 M cholera toxin promotes the 
cellular proliferation. And in the late days of cultivation, when 
the culture already reaches the confluence, and keratinocytes 
become stratified, cholera toxin inhibits the cellular prolifera-
tion. 
DNA and Protein Content 
During the early days of cultivation the amount of DNA in 
a dish was about 15 J.l.g (Fig 5B). Then DNA content in a dish 
began to increase rapidly about two weeks after inoculation 
when small polygonal cells appeared in groups, and reached the 
maximum value of 30 or 40 J.l.g at about 20 days of cultivation. 
Thereafter the amount of DNA decreased gradually, and was 
found to be half of its maximum value at 50 days of cultivation. 
The presence of cholera toxin decreased DNA content of culture 
dish in the growing and confluent cultw·es. The amount of 
protein increased slowly until 20 days of cultivation, and then 
increased rapidly, but a little less than the fast increase in the 
amount of DNA (Fig 5A). Contrast of the phase of slow and 
fast increase of protein was less conspicuous as compared with 
that of DNA. Protein content in a dish reached the maximum 
value at 30 to 40 days of cultivation and the value decreased as 
shedding of the uppermost layer became prominent. Cholera 
toxin seemed to increase protein content slightly in early days 
of cultivation until about day 20, although statistical analysis 
by t-test did not show a significant difference (p > 0.05). But it 
decreased protein content in the later days of cultivation. At 
day 20, when small polygonal keratinocytes covered the whole 
culture area and began to stratify in the control culture, the 
number of cells and the amount of DNA increased, but the 
increase of protein is little as compared with the number of cells 
and the amount of DNA because of small size of the cells. In 
general, cholera toxin-treated cells increase in cell size. Then 
the protein/DNA ratio in the cholera toxin-treated culture is 
usually increased. 
DNA Synthesis 
The incorporation of :)H-thymidine into DNA was deter-
mined by pulse labeling for 2 hr after 12 and 24 Ill" of treatment 
with cholera toxin (Table III) . At 7-day when the cul ture did 
not reach confluence yet, 3H-thymidine uptakes were 2,197 and 
2,815 dpm/ J.l.g DNA in the culture treated with cholera toxin 
for 12 and 24 hr respectively, while the uptake in the control 
culture was 1,216 dpm/J.l.g DNA. At 20-day when the culture 
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FIG 5. DNA and protein contents of the cul tw'es were followed until 
50 days of cultivation. Each point represents the mean ± SE of 3 dishes. 
Cholera toxin-treated cultures, e; Controls, O. 
TABLE III. Incorporation oeH·thymidine by cultured heratin.ocytes 
after treatment with 10- 10 M cholera toxin (CTX) 
7-day culture 
Control 
CTX 12 ill· 
CTX 24 hr 
Control 
20-day culture CTX 12 lu' 
CTX 24 ill' 
Control 
31-day cul ture CTX 12 hr 
CTX 24 ill' 
Mean of 3 dishes ± SE. 
a Mean of 2 dishes ± SE. 
dpm/ DNA (I'g) 
1,216 ± 439 
2,197 ± 932 
2,815 ± 478 
3,563 ± 653a 
1,710 ± 423 
1,950 ± 329 
1,104 ± 173 
901 ± 207 
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became multilayered, 3H-thymidine uptakes were 1,710 and 
1,950 dpm/p.g DNA in the culture treated with cholera toxin 
for 12 and 24 hr respectively, whereas the uptake in the control 
culture was 3,563 dpm/p.g DNA. The uptake also seemed to be 
decreased after cholera toxin treatment in 31-day culture, al-
though t-test did not show statistically significant difference (p 
> 0.05). 
DISCUSSION 
Cholera toxin increased the intracellular cyclic AMP concen-
tration of the cultured keratinocytes to several hundredfold. 
The cyclic AMP content began to increase no later than 1 hr 
after the addition of the toxin, reached the maximum at about 
10 hr and then decreased gradually. The amount of cyclic AMP 
of the culture treated with cholera toxin was persistently more 
than 50 times higher than that of the control culture. The time 
course of the effect of cholera toxin on the cyclic AMP content 
was quite different from those of adrenalin, prostaglandin, or 
histamine. After the addition of adrenalin, prostaglandin or 
histamine the intracellular cyclic AMP concentration increased 
rapidly, and reached its maximum value by 5 min in the slices 
of pig skin (epidermis) [17-19]. The culture of the keratinocytes 
responded similarly to the toxin with the increase in cyclic 
AMP content irrespective of the day of cultivation. 
Our results indicated that the effect of cholera toxin-cyclic 
AMP on the proliferation of the cultured keratinocytes differed 
markedly depending on the condition of the culture. When the 
toxin was added in the early days after the initiation of the 
culture, the number of cells increased faster than that of the 
control, and the culture treated with cholera toxin continuously 
outnumbered the control up to 30 days of cultivation. When 
the toxin was added after the culture became crowded, the 
number of cells increased slower. 
Pulse labeling with 3H-thymidine confIrmed the results fur-
ther. When the keratinocytes in the early days of cultivation 
was treated with cholera toxin for 24 hr, and labeled with 3H_ 
thymidine for 2 hr, the keratinocytes incorporated more 3H_ 
thymidine into DNA than the untreated keratinocytes. After 
the culture reached confluence and the cells became stratified, 
the incorporation of 3H-thymidine was less as compared with 
the untreated culture. 
From these data it is obvious that when the culture is not 
crowded, cholera toxin-cyclic AMP enhances proliferation of 
the keratinocytes, and when the culture is crowded, it sup-
presses the proliferation. There are some melanocytes mixed in 
the culture of keratinocytes, and it is more than probable that 
these melanocytes are stimulated by cholera toxin [20]. But the 
number of melanocytes is negligible especially when the kera-
tinocytes formed a confluent sheet. Observation by a phase 
contrast microscope showed that there appeared groups of 
small polygonal cells in the cholera toxin-treated culture earlier 
than in the control. As reported in the previous paper, the 
keratinocyte does not proliferate much until 10 days after the 
initiation of the culture, and most of the cells take a flatly 
distended shape. Then small polygonal cells appear in groups 
in which numerous mitotic figures are seen [21]. This observa-
tion indicated that cholera toxin-cyclic AMP switches the rest-
ing cells to the proliferative cells. 
On reviewing the published data on the effect of cyclic 
nucleotides to the proliferation of keratinocytes in vitro, Deles-
cluse et al. initiated their culture by moculating 107 cells sus-
pended in 10 rnl of the culture medium into a T -75 Falcon 
tissue culture flask [5]. We suppose that this culture was 
crowded from the beginning, and cyclic AMP-elevating agents 
decreased the rate of DNA synthesis. Harper, Flaxman, and 
Chopra, Flaxman and Harper and Chopra used the explant 
culture of human skin, and observation were made on an 
outgrowing sheet of epidermal keratinocytes from the explant 
[6,22,23]. These authors found that cyclic AMP and cyclic 
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AMP-elevating agents were suppressive to the proliferation of 
the keratinocytes. Green initiated the culture by moculating 104 
keratinocytes with 3 X 105 lethally irradiated 3T3 celis, observed 
colony growth and doubling time of the keratinocyte, and found 
that cyclic AMP and cyclic AMP-elevating agents stimulated 
the proliferation of keratinocytes [7]. Marcelo inoculated 5 X 
lOG neonatal mouse keratinocytes suspended in 5 rnl medium 
into a T-25 flask, and found that elevation of cyclic AMP 
enhanced the proliferation ofkeratinocytes [8]. With the excep-
tion of Marcelo's result, cyclic AMP and cyclic AMP-elevating 
agents suppressed the proliferation of keratinocytes in a 
crowded culture or in a sheet in which the keratinocytes were 
connected tightly and stratified. In the sparse cultw'e cyclic 
AMP stimulated proliferation of the keratinocyte. 
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Alkaline Phosphatase-positive Langerhans Cells in the Epidermis of 
Cattle 
HANAA M. KHALIL (SHOUMAN). M.Sc., SUWANNEE NITIUTHAI, D.V.M., AND 
JOHN R. ALLEN, VET.M.B., M .V.sc., PH.D. 
Department of Veterinary Microbiology, Western College of Veterinary Medicine, University of Saslmtchewan, Sa.shatoon, Canada 
Dendritic alkaline phosphatase-positive cells in the 
epidermis of cattle were studied. By light microscopy 
they were shown to occur in basal and suprabasal posi-
tions in the epidermis, with their dendrites reaching into 
outer layers of the stratum spinosum. They were also 
found in the external root sheaths of hair follicles. In 
separated epidermal sheets from ears of cattle these cells 
were found to be uniformly distributed with an average 
concentration of approximately 1,600 cells/mm2. 
Langerhans cells were identified in the epidermis by 
the presence in dendritic cells of Langerhans cell gran-
ules, a lobated nucleus and clear cytoplasm and the 
absence of desmosomes, tonofilaments, premelano-
somes, and melanosomes. Alkaline phosphatase activity 
was associated with the plasmalemma of such cells and 
occasionally with cytoplasmic inclusions which may 
have been Langerhans cell granules. Enzyme activity 
was not associated with melanocytes or keratinocytes. 
It is confirmed that alkaline phosphatase activity is a 
feature of Langerhans cells, and possibly "indetermi-
nate" cells in the normal epidermis of cattle. 
Langerhans cells in the epidermis of guinea pigs and primates 
may be identified by light microscopy as dendritic cells which 
possess formalin-resistant, sulfhydryl-dependent adenosine tri-
phosphatase activity [1]. 
Amelanotic dendritic cells shown by light microscopy to 
possess alkaline phosphatase, but no adenosine triphosphatase 
activity, have been described in the epid ermis of cattle by 
Schleger and Bean [2]. These authors suggested that such cells 
were Langerhans cells. 
The purpose of the present study was to examine alkaline 
phosphatase positive cells in the epidermis of cattle by light-
and electron-microscopy and to investigate if this enzyme activ-
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ity is a characteristic which may reliably be used to identify 
epidermal Langerhans cells of cattle. 
MATERIALS AND METHODS 
Skin biopsies were obtained from 14 normal cattle. Punch biopsies, 
7 mm in diameter were obtained from the ears of Holstein, Brown 
Swiss, Aberdeen Angus, and Hereford animals aged between 9 mo and 
5 yr. 
For studies using light microscopy, skin samples wer~ frozen at. 
-20°C and serial sections (20 /Lm) were cut using a cryostat and then 
air d.ried for 30 min on coverslips. 
Epidermal sheets obtained from other skin samples were separated 
from the underlying dermis. Separations were obtained using EDTA-
treatment as described by JuhLin and Shelley [3). Pieces of skin were 
immersed in EDT A solution for 2 hr at 37°C and epidermal sheets were 
then separated from the underlying dermis using fine forceps. 
Both the epidermal sheets and serial sections were processed to 
demonstrate alkaline phosphatase activity using a modification of the 
Gomori-Takamatsu procedure' [4). Tissues were incubated for 1-2 hr at 
37°C in the following substrate medium: 2% barbitone sodium (10 mI) , 
3% s?dium /1-glycerophosphai'e (lO' mI), 2% 'calcium chloride (20ml), 
5% niagnesium sulfate (1 ITI.l) , distilled ' water (5 mI). The pH of tlus 
medium was 9.4. After incubation, tissues were rinsed in distilled water 
for 5 min, then immersed in 2% cobalt nitrate for 10 min. Following this 
they were rinsed in distilled water, immersed in 0.5% ammonium sulfide 
solution, washed in distilled water and mounted in Berlese's medium. 
Counts of dendritic alkaline phosphatase-positive cells were per-
formed on epidermal sheet preparations. Five oil-immersion fields were 
examined from each preparation and the numbers of cells per mm2 was 
calculated, having measured the field diameter with a stage micrometer. 
For ultrastructural studies, pieces of skin approximately 2 mm" were 
placed in 6% glutaraldehyde buffered with 0.067 M s-collidine (pH 7.2) 
and fixed overnight at 4°C. They were postfixed in 2% OsO. in bicar-
bonate buffer (pH 7.3) for 1 hr at 4°C and then dehydrated in ethanol 
and embedded in Arald.ite/ Epon. 
To demonstrate alkaline phosphatase activity in ultrastructural stud-
ies, pieces of skin approximately 1 mm" were fixed in 4% glutaraldehyde 
in 0.1 M cacodylate buffer (pH 7.2) for 2 hr at 4°C. Tissues were washed 
in 2 changes of cacodylate buffer for 1 hr at 4°C. Thick frozen sections 
(40 J.Lffi) were cut and then incubated in Hugon and Borgers' medium 
[5J with sucrose added to give a final concentration of 7.5%, at pH 9.2-
9.4 for 60 min at room temperature. In control tests, samples were 
incubated in media lacking substrate. All samples were postfixed in 1% 
OSO" in cacodylate buffer for 30 min at 4°C and dehydrated in ethanol 
before embedding in Araldite/Epon. Ultrathin sections were cui on the 
LKB Ultratome III and sections either unstained or stained with uranyl 
